Abstract. Thin plate structure is very common in various engineering fields. So, it is very important to analyze its vibration characteristics in order to avoid the fatigue damage. Though the rectangular or circular plates are popular because of the low cost of their manufacturing, occasionally due to the stress imbalance which results from eccentric mass during manufacturing them, circular plates may become elliptic plates. In the view of above facts, it is also necessary to study the vibration of elliptic plates. However, the traditional approaches, such as Rayleigh-Ritz method and Mathieu function, have their own limitation so that they will be very awkward. Therefore, this article has brought up a new approach to the study of the vibration of thin plate, which is called conformal mapping method. This method could map a complicated curve plate (like elliptic plate) into a circular plate. Then the theory of free vibration of circular plates in complicated boundary conditions will be used to calculate the analytical solution of natural frequencies (accurate solution) and the corresponding modal vibration modes. This method is universal for any thin plates which have complicated curve shapes so that it will widen the horizon of the study of vibration of plates in practice and break through the limitation of above traditional methods.
Introduction
As a unit structure of common material composition, thin plates are widely used in mechanism, aerospace, shipbuilding, etc. As the plate structure is subject to fatigue damage caused by resonance, it is very important to analyze the random vibration characteristics of plates in all kinds of intricate boundary conditions.
Throughout the research results in recent years, studies of the vibration modeling of the plates are still centralized at rectangular plates and circular plates due to the low cost of their manufacturing. However, in the process of manufacturing circular plates, sometimes the eccentricity which results in the vibration of the machine tool may form oval profiles because of stress imbalance. So, it is also necessary to study the vibration modeling of elliptic plates.
From the general research around the world, approaches to vibration modeling research of elliptic plates are mainly about Rayleigh-Ritz method and Mathieu function. For Mathieu function [1] , it may be the most conventional approach at elliptic coordinates. However, Mathieu function has a drawback that the researchers had been spending a lot of time realizing Mathieu function itself because the calculation of which still lack many available program packages in Matlab till now. Obviously, this method seems to be very awkward. For Rayleigh-Ritz method, the main problem is the selection of displacement functions. An ordinary function which has been widely used is two-dimensional polynomials [2] [3] . But it could only be adapted in rectangular coordinates, and its convergence speed is slow. Besides, double trigonometric series and Fourier-Bessel function [1] are also the common displacement functions, but the former could only be adapted for polygon plates in rectangular coordinates, which doesn't work in polar coordinates for circular plates, while the latter is the very solution form in polar coordinates [4] . So we hope to convert the problem of the vibration of elliptic plate into that of the circular plate in order to deal with it more conveniently. How to find the doorway? In recent years, the conformal mapping method has emerged [5] . If a certain analytic function is found and combined with conformal transformation, the complicated geometric area at original physical plane (x, y) will be mapped into a unit circle centered on the origin of imaging plane (ξ,η). Meanwhile, the basic relationship at the original physical plane will be expressed as the complex variables at the imaging plane. Each kind of complicated shape area at the original physical plane has the only specific function mapping into the corresponding circle or other simple shapes.
Model and Governing Equation
The model is shown as Fig.1 , ,
Solution of Vibration
Here we just take free boundary condition as an example, by the above formulas, the following equation about the equivalent shear and the generalized torque for free vibration of the plate is
It can also be expressed as the following matrixes 11 12 
